The binding of
in hepatic membrane fraction from newborn, fetal and hepatectomized adult rats and compared with those of adult control rats. Although the EGF binding was decreased, there was a tendency for the activity of autophosphorylation to be higher and ligand-dependency to be lower in the membranes from growing hepatic tissues. The activity of tyrosine kinases did not differ among animal groups but a supplement of (NH4)2SO4 to the incubation mixture revealed a difference in the EGF-dependency of the activity; the salt inhibited the activity in the control more profoundly than in the newborn and fetus but the activity was partially restored in the presence of EGF, while in the newborn and fetus the activity did not respond to the added EGF.
The results suggest that the higher activity with less responsiveness to the ligand of EGF-receptor autophosphorylation and protein-tyrosine kinase is one of the characteristics of growing rat hepatic tissues.
Growth factors seem to be essential for the growth of a variety of animal cells.
Growth factors act as mitogens and the binding to transmembrane glycoproteins known as receptors. The binding of ligands to the extracellular portion of the receptors leads to the activation of the cytoplasmic protein kinases and to initiation of pleiotropic responses ultimately resulting in DNA synthesis (Carpenter and Cohen, 1979) . To elucidate the role of EGF among growth factors in growing hepatic tissues, we determined EGF binding and EGF-dependent receptor autophoshorylation in hepatic membrane fractions from fetal, newborn and partially hepatectomized rats and compared them with those of the adult controls. Furthermore, since it was suggested that protein phosphorylation in tyrosine residues is associated with cellular proliferation and transformation (Hunter and Cooper, 1985) , examination of the tyrosine kinase activity was also included in the present study. The pellet was washed with 4ml of TMB twice, dissolved in 2ml of 0.5 N NaOH and counted in a r-counter. The radioactivity which was not displaced by adding 800nM of unlabelled EGF to the parallel incubations was referred to as the non-specific binding and subtracted from the total binding to obtain the specific binding. The dissociation constant (Kd) and number of maximum binding sites (Bmax) were estimated by the method of Scatchard (1949) and Rosenthal (1967 
Results

EGF binding
A typical binding experiment using the membrane fraction from livers of the adult control rat is shown in Fig. 1 in some instances. Similar curvilinear Scatchard plots were consistently obtained in the experiments using the preparations from the other experimental animals (only a curve obtained in the newborn rats is shown in Fig. 1 ). Kd's and Bmax's obtained in 5 experimental animal groups are summarized in Table 1 . Kd's were almost identical in all groups, while remarkably reduced Bmax's were noticed in livers from the newborn, fetus and rat hepatectomized 1 day before when expressed as the binding based on the unit weight of protein in the preparations.
In the regenerated livers for 3 days, the Bmax still remained at the half level of the adult controls.
Autophosphorylation of EGF-receptors
The autophosphorylating activity in the animal groups was compared.
After polyacrylamide gel electrophoresis and autoradiography, a radioactive band was observed at the site corresponding to the position of the EGF-receptor (170 kDa) (Fig. 2) . The radioactivity of these bands was normalized with the concentration of protein in the preparations and summarized in Table 2 Rates of 32P incorporation into the exogeneous substrate GAT did not differ significantly among preparations from all 5 rat groups, and the effects of the preincubation with EGF were very limited (Table  3) . However, when the incubation mixture included 0.25M (NH4)2SO4, a marked difference was observed. This salt inhibited the activity but a part of the activity was restored in the presence of EGF at the time of the preincubation in the control and hepatectomized rats.
However, this was not observed in the newborn or fetus, the activity neither being depressed by (NH4) 2SO4 nor responding to the added EGF under these incubation conditions.
Discussion
A decrease in the binding capacity for EGF was prominent in the growing hepatic tissues. A decrease in the number of the EGF-receptors during rat liver regeneration was previously reported by Earp and O'Keefe (1981) and we confirmed their findings. A number of studies have revealed that the EGF-receptors in various cells are modulated by various factors including EGF itself which causes down regulation of the receptor.
The decreased Bmax observed in the present study seemed to be attributable to the down regulation mechanism, since an increased concentration of EGF in the blood plasma after hepatectomy was reported by Cornell (1985) , but we are not aware of any information about EGF content in the liver of newborn and fetal rats. (Sinha and Jenquin, 1987) . At the same time, multiple protein tyrosine kinases probably participate in the phosphorylation of GAT by the liver membrane preparation and no significant difference was observed in the protein tyrosine kinase activity among the animal groups examined under the standard assay conditions employed in the present study. However, when 0.25M(NH4)SO4 was included in the incubation mixture to assess the responsiveness of the activity to the exogenous EGF according to the description of Koland and Cerione (1988) , a difference became evident in the preparations from the newborn and fetal rats, the activity was higher than the others in the absence of EGF and was not modulated by the addition of EGF. While in the preparations from the adult control and hepatectomized rats, the salt inhibited the activity markedly but the activity responded to added EGF. (NH4)2SO4 reduced the EGF binding in such a way as to lower the binding affinity (data not shown). Therefore, changes in EGF binding do not explain the (NH4)2SO4-induced dependency of the kinase activity on EGF. The mechanism of the (NH4)2SO4 induction of EGF dependency has not been clarified, but the results obtained were suggestive of the presence of enzyme(s) which act(s) on GAT phosphorylation other than the EGF-receptor tyrosine kinase and such enzyme(s) seem(s) to be less abundant, and EGF receptor tyrosine kinase is more abundant in the adult liver.
Recently, Maxwell et al.(1989) studied the activities of autophosphorylation and protein tyrosine kinase of EGF-receptor in the two human cell lines established from squamous carcinoma of the head and nock area. They observed that these activities were higher but much less responsive to EGF in the receptor of the cells which exhibit higher plating efficiency and colonogenicity in soft agar. From these observations the authors suggested some relationships between the characteristics of the EGF-receptor and the tumorigenic pheno-type of the cells. Our observations in the present study were comparable with those of Maxwell et al.(1989) ; the activities of autophosphorylation of EGF-receptor and of protein tyrosine kinase were higher but less responsive to the exogenous EGF in the membrane fractions from fetal, new born and regenerating livers of rats and these characteristics of EGF-receptor seem to be related to the growing state of the tissues.
